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Introduction: Intra-abdominal hypertension (IAH) is associated with morbidity and mortality in critically ill patients.
The present study analyzed the clinical significance of IAH in surgical patients with severe sepsis.
Methods: This was a prospective study carried out in the surgical intensive care unit (SICU). Intra-abdominal pressure
(IAP) was measured three times a day via a urinary catheter filled with 25 mL of saline. IAH was defined as an
IAP ≥ 12 mmHg, and the peak IAP was recorded as the IAP for the day. Data were analyzed in terms of IAH
development and the IAH duration.
Results: Of the 46 patients enrolled in the study, 42 developed IAH while in the SICU. The development of IAH
aggravated the clinical outcomes; such as longer SICU stay, requirement of ventilator support, and delayed
initiation of enteral feeding (EF). The IAH duration showed a significant correlation with pulmonary, renal, and
cardiovascular function, and enteral feeding. The IAH duration was an independent predictor of 60-day mortality
(odds ratio: 1.196; p = 0.014).
Conclusions: The duration of IAH is a more important prognostic factor than the development of IAH; thus every
effort should be made to reduce the IAH duration in critically ill patients.
Trial registration: NCT01784458
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Intra-abdominal pressure (IAP) is defined as the
steady-state pressure within the abdominal cavity
bounded by the abdominal muscles and diaphragm
[1]. It is affected by body weight, posture, tension of
abdominal muscles, and movement of the diaphragm
[2–4]. The World Society of the Abdominal Compartment
Syndrome (WSACS) has published a grading system for
intra-abdominal hypertension (IAH), with IAH defined as
an IAP ≥12 mmHg, and abdominal compartment* Correspondence: skhong94@amc.seoul.kr
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creativecommons.org/publicdomain/zero/1.0/syndrome as an IAP ≥ 20 mmHg combined with the failure
of more than one organ [1, 5]. Ever since then, WSACS have
updated consensus definitions and clinical practice guide-
lines for the patients with IAH [6]. The prevalence of IAH
on admission to the intensive care unit (ICU) ranges from
31 to 58.8 % [4, 7, 8], and the incidence increases with the
length of ICU stay. Clinical conditions that increase IAH
include blood and ascites in the peritoneal cavity, bowel
distension and edema [4, 9], high-volume resuscitation
and massive transfusion, damage control surgery in trau-
matic patients, excessive tension after abdominal closure,
postoperative ileus, echar in burn patients [10, 11], and
hemodilution [12]. IAH causes not only abdominal organ
dysfunction by decreasing the abdominal perfusioncess article distributed under the terms of the Creative Commons Attribution
by/4.0), which permits unrestricted use, distribution, and reproduction in any
ly credited. The Creative Commons Public Domain Dedication waiver (http://
) applies to the data made available in this article, unless otherwise stated.
Table 1 Baseline characteristics of the study patients upon
admission to the intensive care unit
Variable IAH (n = 42) Non-IAH (n = 4) P-value
Age (years) 64.9 ± 12.0 63.8 ± 8.7 0.585
Gender >0.99
male 32 (76.2) 3 (75.0)
Female 10 (23.8) 1 (25.0)
Causes of sepsis 0.037
Peritonitis 25 (59.5) 0
non- peritonitis 17 (40.5) 4 (100)
abdominal organ infection 11 (26.2) 3 (75)
Pneumonia 3 (7.1) 1(25)
Others 3 (7.1) 0
Laparotomy 0.013
laparotomy 37 (88.1) 1 (25.0)
non-laparotomy 5 (11.9) 3 (75.0)
APACHE II Score 22.0 ± 6.1 14.0 ± 6.2 0.030
Total fluid (mL/day) 5065 ± 1814 2657 ± 927 0.007
Urine output (mL/day) 1615 ± 1148 1243 ± 1011 0.560
RBC transfusion (units) 0.7 ± 1.8 1.3 ± 1.5 0.395
White blood cell (× 103/mm3) 14.4 ± 12.0 9.6 ± 4.7 0.721
Hematocrit (%) 28.4 ± 5.2 27.1 ± 7.3 0.374
Platelet (× 103/mm3) 120.2 ± 119.0 63.0 ± 26.8 0.117
Prothrombin time (%) 45.5 ± 18.9 46.7 ± 15.6 0.638
Total bilirubin (mg/dL) 1.9 ± 1.4 3.8 ± 3.0 0.127
Blood urea nitrogen1 (mg/dL) 28.2 ± 16.9 34.3 ± 21.5 0.515
Creatinine1 (mg/dL) 1.6 ± 1.0 1.7 ± 1.0 0.829
Lactate (mmol/L) 3.9 ± 2.4 3.7 ± 1.1 0.836
PaO2/FiO2 Ratio 151.9 ± 69.8 212.5 ± 65.7 0.099
1Two patients with chronic renal failure on hemodialysis were excluded from
the IAH group
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function [16], which increases both morbidity and mortal-
ity [17].
IAH has been increasingly recognized in the critic-
ally ill patients. However, the duration of IAH has
not been under consideration. The aim of the present
study was to investigate the influence of IAH devel-
opment and its duration on the clinical course and
outcome of critically ill surgical patients with severe
sepsis.
Materials and methods
Study design and patients
The study was a prospective observational study in sur-
gical ICU of an academic tertiary care hospital. Patients
at least 18 years of age, who admitted for severe sepsis
were enrolled within 24 h of admission to the ICU.
Patients with urinary tract injury or therapeutic open ab-
domen were excluded. All subjects provided informed
consent. A total of 48 patients admitted to the ICU from
March 2009 to October 2009 met the inclusion criteria,
of which two were excluded who refused to participate
in the study. Overall, 46 patients were enrolled. The study
protocols were approved by the Institutional Review Board
of Asan Medical Center and registered at http://Clinical
Trials.gov under the number NCT01784458.
Definitions
Severe sepsis was defined as a sepsis with a failure of
more than one organ due to sepsis, an arterial blood lac-
tate concentration of at least 4 mmol/L, or hypotension
(with a systolic blood pressure < 90 mmHg).
Measurements and treatment
IAP was measured using a urinary catheter at the level
of the mid-axillary line on the iliac crest with the patient
supine. IAP was expressed as mmHg. A 3-lumen urinary
catheter was inserted into the bladder. After the urinary
drainage lumen was clamped, 25 ml of saline was injected
through the irrigation lumen to prevent contamination.
IAP was measured three times per day while the patient
was in the ICU, with the highest reading recorded as the
value for that day. The Acute Physiology and Chronic
Health Evaluation (APACHE II) score was recorded every
24 h. Resuscitation was performed according to goal-
directed guidelines [18, 19].
Statistical analysis
Statistical analyses were performed using SPSS 21 for
windows (SPSS Inc. Chicago, IL). The Chi-square test or
Fisher’s exact test were used to compare categorical vari-
ables and the Mann–Whitney U test was used to com-
pare continuous variables. Correlation analysis wasperformed using Spearman’s rank correlation coefficient.
Statistical significance was set at p < 0.05.
Results
Baseline characteristics
On admission day, 33 patients (71.7 %) had IAH. Mean
IAP was 17.3 ± 5.5 mmHg. During ICU stay, IAH devel-
oped in 42 (91.3 %) patients at 1.4 ± 1.0 days after ICU
admission. The incidence of IAH was higher in patients
with peritonitis [25 (59.5 %) vs. 0 (0 %), p = 0.037] and in
those who underwent laparotomy [37 (88.1 %) vs. 1
(25 %), p = 0.013]. The APACHE II score (22.0 ± 6.1 vs.
14.0 ± 6.2, p = 0.030) and total fluid administered
(5,065 ± 1,814 ml vs. 2,657 ± 927 ml, p = 0.007) was sig-
nificantly high in the IAH group. There were no sig-
nificant differences in other parameters between IAH
group and non-IAH group on admission day to the
ICU (Table 1).








30-Day mortality 5 (11.9) 0 >0.99
60-Day mortality 13 (31.0) 0 0.313
Length of ICU Stay (days) 17.3 ± 13.2 2.5 ± 2.4 0.002
Length of hospital Stay (days) 42.6 ± 27.6 16.0 ± 2.4 0.003
Mechanical ventilation 38 (90.5) 1 (25.0) 0.009
Duration of ventilatory
support (days)
13.1 ± 13.0 1.0 ± 2.0 0.007
Renal replacement therapy1 15 (37.5) 0 0.282
Duration of RRT1 (days) 6.5 ± 10.9 0 0.239
Vasopressor treatment 36 (85.7) 3 (75.0) 0.496
Inotropic treatment 13 (31.0) 0 0.313
Initiation of enteral feeding2 (days) 8.9 ± 7.5 2.3 ± 1.9 0.019
1Two patients with chronic renal failure on hemodialysis were excluded from
the IAH group
2Two patients in the IAH group (who did not try enteral feeding)
were excluded
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The length of ICU stay (17.3 ± 13.2 days vs. 2.5 ± 2.4 days,
p = 0.002) and length of hospital stay (42.6 ± 27.6 days
vs. 16.0 ± 2.4 days, p = 0.003) were longer in the IAH
group. Patients with the IAH had an increased require-
ment for mechanical ventilation [38 (90.5 %) vs. 1 (25 %),
p = 0.009] and duration of ventilatory support (13.1 ±
13.0 day vs. 1.0 ± 2.0 day, p = 0.007). Initiation of enteral
feeding (EF) was delayed (8.9 ± 7.5 day vs. 2.3 ± 1.9 day,
p = 0.019) in the IAH group. Renal replacement therapy
(RRT) and mortality did not show significant differences
(Table 2).Fig. 1 Distribution of patients by duration of intra-abdominal hypertensionClinical effect of the duration of intra-abdominal
hypertension
The duration of IAH had more impact on outcomes
than the development of IAH. Distribution of IAH dur-
ation is demonstrated on Fig. 1. There were significant
increases in terms of the length of ICU stay (r = 0.860,
p < 0.001), duration of mechanical ventilation (r = 0.840,
p < 0.001), duration of RRT (r = 0.603, p < 0.001), and
initiation of EF (r = 0.330, p = 0.029) according to in-
crease of IAH duration (Fig. 2).
Comparison of survivors and non-survivors
There were no significant differences in any of the study
variables in terms of 30-day mortality. However, univari-
ate analysis showed that the duration of IAH (p = 0.001),
the initial APACHE II score (p = 0.021), and peritonitis
(p = 0.010) were significantly associated with 60-day
mortality (Table 3). Multivariate logistic regression ana-
lysis identified the duration of IAH as an independent
predictor of 60 day-mortality (odds ratio: 1.196; 95 %
confidence interval: 1.037–1.380; p = 0.014) (Table 4).
Discussion
IAP has been measured since the 19th century. Ever
since then, its importance has been recognized recently.
Since the mid-1990s it was known that IAH could de-
velop without abdominal trauma [20] and numerous
studies have measured IAP, examined its clinical out-
comes, and classifications.
The prevalence of IAH depends on the patient popula-
tion. IAH was present in 54.4 % of medical ICU and
65 % of surgical ICU patients [7]. We found a quite high
prevalence of IAH (91.3 %) in critically ill surgical pa-
tients. The previous study demonstrated that sepsis was
the predominant cause of IAH [21], and the population
of this study composed of the patients with severe sepsis
might make such deviation.
Fig. 2 Clinical course according to duration of intra-abdominal hypertension. Correlation between duration of intra-abdominal hypertension and
a length of intensive care unit stay, b duration of ventilatory support, c duration of renal replacement therapy, d initiation of enteral feeding.
Two patients with chronic renal failure on hemodialysis were excluded on Fig. 2c. Two patients who did not try enteral feeding were excluded
on Fig. 2d







Age (years) 64.1 ± 12.7 66.5 ± 8.6 0.517
Initial APACHE II Score 19.9 ± 5.9 24.7 ± 6.8 0.021
Peritonitis 14 (42.4) 11 (84.6) 0.010
Development of IAH 29 (87.9) 13 (100) 0.313
Duration of IAH (days) 5.2 ± 4.1 16.3 ± 12.2 0.001
Table 4 Multivariate analysis on predictors of 60-day mortality
Variable Odds ratio 95 % Confidence interval P-value
Initial APACHE II Score 1.073 0.917–1.254 0.381
Peritonitis 6.072 0.814–45.278 0.078
Duration of IAH 1.196 1.037–1.380 0.014
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time-dependence of IAH. The effect off IAH in organ
dysfunction involves a myriad of pathologic change. Es-
sentially, the concept of IAH has been established in the
area of trauma and experts have been recommended
damage control laparotomy and open abdomen to
correct physiologic stress in trauma and acute general
surgical patients [22]. The main mechanism of organ
dysfunction by IAH is suggested as reduction of APP
and direct pressure effect on other compartment [17].
Most of previous studies have focused on the effect of
IAH. However, the duration of IAH is more important
as an outcome prognostic factor than a just presence of
IAH. It could be explained that prolonged IAH would
accumulate risk for organ failure and worsen the out-
comes. This study identified the phenomenon that per-
sistent IAH aggravated organ failure and increased
affected mortality independently.
Patients with IAH tend to need more mechanical ven-
tilation and have more difficulty in weaning, both of
which represent respiratory organ failure. The transmis-
sion of IAH to thorax has a worse impact on the respira-
tory system. The major reason is a reduction of the
functional residual capacity caused by cephalad displace-
ment of the diaphragm in response to unopposed intra-
abdominal pressure. In addition, reduction of chest wall
compliance cause by IAH is leading to atelectasis [23].
Therefore, patients with IAH need a different ventilator
strategy and more specific treatment considering IAH
such as positive end-expiratory pressure against IAP
[24]. Moreover, persistent IAH can worsen the respira-
tory mechanics more seriously.
The adverse effects of IAH on abdominal organs have
been demonstrated on the basis of renal function in
postoperative surgical patients [21, 25]. Acute kidney in-
jury is common consequences of IAH. The detrimental
effect of IAH on the kidney is closely related to renal
blood flow. IAH lead to significant intrarenal venous
congestion and to lower the filtration gradient, which
represents the difference between glomerular filtration
and proximal tubular pressures [26, 27]. With persistent
IAH, not only direct effect of intra-abdominal pressure
but also reduction of cardiac output and elevated level
of catecholamine, rennin, angiotensin, and inflammatory
cytokines may also come into play, further worsening
renal function.
Elevated IAP also reduces blood flow to abdominal viscera
[28, 29]. Splanchnic ischemia impairs subsequent intestinal
barrier function and gastrointestinal motility. Early enteral
nutrition is the preferred strategy for feeding the critically ill
patients. However, it is not always possible to initiate EN in
critically ill patients. Elevated IAP can be a big obstacle to
feed early the critically ill patients. In addition, it is very hard
to determine the tolerance of enteral feeding in patients withIAH. Therefore, the results presented herein suggest that
IAH and its duration may provide important clues for clini-
cians to make decisions about whether to proceed with EF.
As a result, persistent IAH delays enteral feeding in various
reasons.
In addition to IAH development, sustained IAH re-
duced the chances of recovery and forces patients into a
vicious cycle. The results of the present study show that
the IAH duration is a more important clinical factor
than the development of IAH.
Conclusions
There is a strong relationship ‘risk accumulation’ between
duration of IAH and organ dysfunction. Persistent elevations
of IAH are aggravating clinical outcomes including organ
failure and mortality. Therefore early recognition and
prompt intervention, including surgical intervention if ne-
cessary are essential to improve patients’ outcomes.
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